Background: Portal vein tumor thrombosis (PVTT) in hepatocellular carcinoma (HCC) is a sign of advanced stage disease, which is associated with poor prognosis. Liver resection (LR) may provide better prognosis in selected patients. In the present study, we aimed to assess information from HCC patients with PVTT who died within 3 months or 2 years after LR in order to identify preoperative factors correlated to short-term or long-term survival, by which inappropriate selection of patients for LR might be avoided in the future.
Background
Previous study has shown that patients with hepatocellular carcinoma (HCC) and portal vein tumor thrombus (PVTT) have an extremely poor prognosis [1] . A huge proportion of HCC patients (12.5-39.7%) exhibit gross PVTT at the time of diagnosis, while such occurrence of PVTT becomes 44% at the time of death [2] . In addition, the median survival is 2.7-4.0 months when tumor remains untreated [3] .
The optimal treatment for HCC patients with PVTT remains controversial. As a standard therapy, sorafenib has been widely used for advanced HCC with PVTT or metastasis. In Asian countries, the median survival is 6.5 months when patients are administered with sorafenib [4] . Many clinical guidelines have shown that hepatectomy is a safe and effective treatment for HCC patients with PVTT if the patients are carefully selected [5] [6] [7] . Surgical treatment may offer a chance of cure, and post-operative 5-year overall survival (OS) has been reported to range from 10 to 59% [8] [9] [10] . A median survival ranging from 8 to 22 months has been reported for HCC patients with PVTT after surgical treatment [11, 12] .
Recently, more aggressive therapeutic schemes, such as operation, interventional radiotherapy, molecularly targeted therapy and other multidisciplinary treatments, have been developed, leading to improved life quality and a prolonged survival time in some patients. As a result of recent advances in surgical techniques and peri-operative management, liver resection (LR) has become a reasonably safe treatment option with an acceptable mortality and morbidity rate [8, 9] . Several tertiary centers have proposed aggressive surgical resection for HCC with vascular invasion [13] . Now, hepatic surgeons may perform palliative surgery in order to improve quality of life, by which the patients can be reasonably to survive for at least 3 months. When patients have a life expectancy < 3 months, such population is generally unsuitable for surgery because the risks and drawbacks, including pre-and post-operative complications, management of post-operative pain, and time required for recovery, usually offset the benefits of intervention, and patients are subsequently referred for systemic therapy or palliative medical care.
In order to recognize which patient will not benefit from surgery, it would be valuable to identify pre-operative factors associated with exceedingly short survival.
In the present study, we aimed to compare clinical presentation and outcomes in patients with HBV-associated HCC, stratified by the presence or absence of cirrhosis and symptoms at time of diagnosis. Patients who died within 3 months of surgery were compared with those long-term survivors (> 2 years). If the patients died within 3 months of surgery, they were inappropriate for surgery. Therefore, we attempted to identify pre-operative factors, which might indicate that anticipated survival does not justify the risk of surgery.
Results

Baseline clinicopathological characteristics
A total of 457 patients were included in the database. The cohort used in the analysis was under ongoing follow-up. Of the 457 patients, 456 patients were included in the 3-month survival analysis, and 389 patients were included in the 2-year survival analysis (Fig. 1) . Univariable and multivariable regression analyses were exclusively conducted on these two smaller groups. The average age of the patients at time of surgery was 47.9 ± 10.3 years, and males accounted for 89.1% of the study population. Table 1 lists detailed baseline characteristics of all patients.
Patients who survived < 3 months
Descriptive analysis showed that patients who died within 3 months were significantly associated with a larger diameter, higher bilirubin and higher AFP level. Table 2 displays detailed descriptive analysis of the two groups of patients at 3 months post-hepatectomy.
Patients who had a follow-up visit at, at least, within 3 months or were discharged at this point (n = 405) were compared with those who died within 3 months (n = 51), and results showed the factors associated with death within 3 months in univariable analysis (Additional file 1: Table S1 ). In multivariable analysis, AFP, per Log 10 μg/L increase (odds ratio [OR], 1.60; 95% CI 1.15 to 2.25; P = 0.010), TBIL, per mg/dL increase (OR, 1.94; 95% CI 1.21 to 3.12; P = 0.026) and positive radiologic ascites (OR, 3.72; 95% CI 1.59 to 8.15; P = 0.009) were the significant factors associated with death within 3 months (Table 3) . A total of 51 patients died within 3 months because of systemic progression of cancer (n = 146; 84.4%), complications of spine surgery within 30 days of surgery (n = 7; 4.0%), and unknown or unspecified reasons (n = 20; 11.6%).
Patients who survived > 2 years
Descriptive comparison between patients who survived > 2 years (n = 98) post-hepatectomy and those who died within 2 years (n = 291) after surgery revealed that survivors had a favorable pre-operative condition characterized by lower AFP, better pre-operative liver function, smaller tumor diameter and more favorable tumor differentiation (Table 4) .
Patients who survived for at least 2 years (n = 98) were compared with those who died within 2 years after surgery (n = 291), and results showed that the following factors were associated with death within 2 years after surgery (Additional file 1: Table S1 ). In multivariable analysis, AFP, per Log 10 μg/L increase (OR, 1.34; 95% CI 1.06 to 1.69; P = 0.034), clinically significant portal hypertension (CSPH) (OR, 1.75; 95% CI 1.10 to 2.81; P = 0.034), extent of PVTT (OR, 1.81; 95% CI 0.99 to 3.53; P = 0.043) and tumor differentiation III-IV (OR, 3.93; 95% CI 1.56 to 10.18; P = 0.017) were significantly associated with death within 2 years.
Effects of AFP and TBIL on survival in cirrhosis context
Survival was compared across subgroup based on patients' cirrhosis context. In the subset of patients with cirrhosis, the 1-, 3-and 5-year OS rate for patients with low or high serum AFP level was 47.9%, 22% and 18% or 34.2%, 16.3% and 10.2%, respectively (P = 0.0398, Fig. 2a) , while for patients with low or high serum TBIL level it became 39.3%, 17.9% and 13.2% or 38.2%, 19.1% and 13.6%, respectively (P = 0.242, Fig. 2b ). In the subset of patients without cirrhosis, the 1-, 3-and 5-year OS rate for patients with low or high serum AFP level was 57.9%, 32.6% and 22% or 35.20%, 19.4% and 16.1%, respectively (P = 0.049, Fig. 2c ), while for patients with low or high serum TBIL level it became 49.4%, 28% and 19.9% or 23.1%, 11.5% and 11.5%, respectively (P = 0.006, Fig. 2d ).
Discussion
The presence of PVTT in HCC patients is regarded as indication of an advanced stage, and LR is not recommended [14, 15] . Clinical outcome of patients who require surgical treatment of PVTT predominantly depends on appropriate patient selection, which is complex and involved in several factors. Some patients may not receive liver resection, although they may benefit from it, whereas others receive liver resection but disease still progresses rapidly. Previous studies [11, 12] have reported that physicians often consider locations of PVTT and tumor for HCC patients with PVTT, and several staging methods [5] [6] [7] 15] have been developed to help predict survival and guide treatment in patients with HCC and PVTT. However, there is still a lack of data for guiding surgeons and cancer patients to select appropriate treatment for HCC patients with PVTT.
In this study, we investigated pre-operative factors associated with short-term or long-term survival in a prospectively observed cohort of 457 patients who underwent surgery for treatment of HCC and PVTT. Our results suggested that patients who died within 3 months after surgery were significantly associated with preoperatively worsened liver function, such as total bilirubin or ascites, compared with those who survived beyond the first 3 months, while patients surviving for > 2 years after surgery were associated with CSPH and factors of tumor aggressive nature, such as tumor differentiation, AFP and extent of PVTT.
Our results of analysis for short-term survival patients indicated that patients with poor pre-operative liver [16] , which is similar to our findings. Longer-term survivors often did not have hepatic decompensation, while the patients who had CSPH always exhibited worse long-term outcome. There is a similar research reporting that the risk of 3-year and 5-year mortality can be increased by the presence of CSPH, which also increases the risk of postoperative clinical decompensation [17] . The factors also indicated that tumor aggressive nature, such as tumor differentiation, AFP and extent of PVTT, were tightly associated with long-term survival of patients. Of the four factors, CSPH, AFP and extent of PVTT can be obtained preoperatively, and according to this we can make recommendation that resection treatment was not suitable for patients with high AFP, PVTT in the main portal vein, and CSPH. The factor tumor differentiation is a pathological indicator and can only be obtained after surgery, which may provide reference for whether adjuvant therapy after surgery should be given or not.
Our result showed that serum AFP level was a key factor of both short-term and long-term survivals for patients with PVTT. We further investigated the staining pattern of AFP in both HCC tissues and peritumoral tissues according to immunohistochemical analysis (Additional file 2: Supplementary method). The immunostaining results showed the expression of AFP in short-term survivors was higher than that in long-term survivors, which were consistent with the serum AFP results of this study (Additional file 3: Figure S1 ). Furthermore, the expression of AFP was elevated in tumor tissues, while it was decreased in peritumoral tissues, which was similar to previous study [18] .
Liver cirrhosis is common in patients with advanced HCC [19] , and a large proportion of cirrhosis was also observed in patients with PVTT of this study. To evaluate whether the cirrhosis context was associated with the effect of risk factors on survival in long-term survivors, we conducted survival analysis for AFP and TBIL level in subset of cirrhosis. Survival analysis showed that AFP is a risk factor for prognosis in both patients with and without cirrhosis. However, TBIL was a risk factor only in patients without cirrhosis, and the effect of TBIL on prognosis was diminished in the context of cirrhosis. This results suggested that although cirrhosis was not a risk factor for prognosis in patients with PVTT, the existence of cirrhosis made some liver function factors, such as TBIL, no longer a risk factor for prognosis of long-term survivors. However, the presence of cirrhosis did not affect the characteristics of the tumor itself, such as AFP.
Although our current study showed consistency over multiple pre-operative predictors of improved survival for patients, several biases might be present. First, although each participating center provided up-to-date information on vital statistics, inaccuracies in the actual status of patients could not be ruled out as many patients were referred back to their own referring hospitals. As the chance of a dead patient had higher possibility of being lost during follow-up in the database than the opposite, this potential inaccuracy could lead to an overestimation of effect of the end points. Second, the majority of patients had a background of HBV infection, which might HBsAg hepatitis B surface antigen, anti-HCV hepatitis C virus antibody, AFP α-fetoprotein, TBIL total bilirubin, ALB albumin, PT pro-thrombin time, ALT alanine aminotransferase, PLT platelet count, WBC white blood cell, CSPH clinical significant portal hypertension, PVTT portal vein tumor thrombus be not suitable for patients with other background. The common factor for all patients was the need of surgical treatment. For each patient, indication to proceed with surgery was based on the need to alleviate the symptoms of portal hypertension and a presumed life expectancy of > 3 months. All these factors could be biased by the experience and preference of the anesthesiologist, surgeon, oncologist, institutional preference and patient wishes.
In conclusion, this large prospective cohort study strongly suggested that survival depended on general preoperative status for liver resection of HCC and PVTT. In particular, serum AFP level, TBIL level, and radiologic ascites were significantly and independently associated with poor short-term survival (< 3 months), while serum AFP level, tumor differentiation, CSPH, and extent of PVTT were significantly and independently associated with longer-term survival.
Methods
Patients
A total of 457 consecutive HCC patients with PVTT who underwent LR at the Eastern Hepatobiliary Surgery Hospital (EHBH) from January 2008 to December 2010 were enrolled in the present study, and their electronic medical records were systematically reviewed. All patients were histologically diagnosed as HCC. Our retrospective analysis of data was approved by the Institutional Ethics Committee of the EHBH. Informed consent was obtained from all the patients before surgery.
All surgical team members adhered to the principle of performing LR for individuals whose life expectancy should be no less than 3 months.
LR procedure
Based on the location and extent of PVTT, thrombectomy was carried out. The en bloc resection was considered if there was a sufficient safety margin between its root and the tip of the thrombus. Once the PVTT protruded into the main portal vein beyond the resection HBsAg hepatitis B surface antigen, anti-HCV hepatitis C virus antibody, AFP α-fetoprotein, TBIL total bilirubin, ALB albumin, PT pro-thrombin time, ALT alanine aminotransferase, PLT platelet count, WBC white blood cell, CSPH clinical significant portal hypertension, PVTT portal vein tumor thrombus line, PVTT was removed from the opened stump of the portal vein. The main portal trunk was exposed and clamped from distal to the PVTT if the PVTT extended into the main portal trunk and its primary branches on both sides. An incision was made at the bifurcation of the right and left portal veins to extract the PVTT. The incision was flushed with normal saline, and the presence of PVTT was confirmed. Subsequently, the stump was closed by a continuous suture. The commonly used methods of surgical resection are as follows. (1) Segmental hepatectomy: HCC is confined to the segment of liver, and PVTT in the segmental branches of portal vein can be excised in the same segment, which is suitable for type I and partial II PVTT patients. (2) Hemi-hepatectomy: HCC is located on the left or right lobe of liver, and PVTT in the first branch of portal vein can be excised in the same half-liver, which is suitable for partial patients with type II and III PVTT. (3) Hepatectomy plus thrombectomy: PVTT extends to the bifurcation of the right and left portal veins, or to the main portal vein, which is suitable for patients with type III PVTT. In the hepatectomy for HCC, concomitant thrombectomy is performed with temporary occlusion of the portal veins before the tumor thrombus is removed from the vessels. An incision of portal vein is carried out at the bifurcation of the right and left portal veins, and then PVTT is extracted from the incision in the portal vein. If there is a sufficient safety margin between its root and the tip of the thrombus for portal vein ligation, the en bloc resection, including the bifurcation with or without the main and/or contralateral portal veins, can be used for HCC patients with PVTT. (4) Portal vein resection and reconstruction: PVTT invades the main portal vein wall and is difficult to be removed, which is suitable for some patients with type III and IV PVTT. In the hepatectomy, the invaded main portal vein may be removed together with PVTT, and the 6/0 Prolene continuous suture with a 1-cm growth factor was used in direct end-to-end portal vein anastomosis. If the resected portal vein is too long, the autologous vein or artificial blood vessel can be used as graft. Hepatic artery and portal vein chemotherapy pump implantation are suitable for the patients with PVTT removed in the hepatectomy, and the pathway for the postoperative regional chemotherapy is reserved by hepatic artery and portal vein chemotherapy pump during the operation. Direct suction or back-bleeding is conducted if there is any residual tumor thrombus in the branch of portal vein. Residual tissue containing potential tumor thrombus should be removed by flushing the portal vein lumen with water and heparinized saline.
Definitions of resection type
R0 resection was defined by the absence of microscopic tumor invasion of the resection margin; R1 resection was defined as a complete macroscopic resection with a positive pathological margin; and R2 resection was defined as a macroscopically positive margin.
Classification of PVTT
The criteria used by Chen et al. [9] were employed in the present study, and the types of PVTT were classified into three subgroups as follows: (a) type A was defined as PVTT in the main portal vein; (b) type B was defined as PVTT in the first-order portal vein branch (the right or left portal vein); and (c) type C was defined as PVTT in the second-or lower-order portal vein branch (segmental branches of portal vein or higher). 
Follow-up and endpoints
Survival at 3 months post-operation was the primary outcome, and survival at 2 years post-operation was the secondary outcome. To ensure reliability of primary and secondary outcomes, all the case records were reviewed by participating investigators after closure of the database with special emphasis on vital statistics, no matter dead or alive for each patient. OS was also calculated from the date of surgery to the date of patient death or last follow-up.
Statistical analysis
Statistical analysis was performed using the R statistical package v.3.2.1 (http://www.r-proje ct.org/). Continuous data were expressed as mean ± SD or median (range), and comparisons were conducted using the Student's t-test or Mann-Whitney U test. The Pearson's χ 2 test or Fisher's exact test was used to compare categorical data. Data distributions before analysis of results and calculations of statistical parameters were reviewed. Factors associated with death within 3 months were assessed by univariable and multivariable logistic regression analyses of cases without missing data since hepatectomy and 
